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SLOW KAON BEAMS

Eugene P. Colton
Los Alamos National Laboratory, Los Alamos, M 87545*

ABSTRACT

A short description is given of considerations for the design
of lowv-momentua kaon bean lines. Relevant deta for the performance
of seven exisiing and decoumissioned slowv kaon beams are presented.
Por single-stage oeparated beams the observed ratio® all/K™ 1s
greater than 50 for momenta less than 500 MeV/c. We recommend a
two-stage separated bean with perhaps an upstreas "cleacup” section
for saximal purity.

INTRODUCTION

K-meron facturies should deliver intense pure beams of charged
Yaons to experiments. In this talk, I discuss requirements of
low-nomentun beums (p < 500 MeV/c). The enrichment system should
purify the beams o the ratio of all/K ¢ 2,0. This requirement
necessi-ates careful source definition, judicious collimation and
preferably tvo independent separation stages. The kaon yiuld should
be large; tiis is effectad by choosing an appropriate production
target, maximizing the solid-angle of acceptance, and minimizing the
beam length. The momentum resolution should be selectadle with 0,22
< |ap/pl < 2.5%. Balow we discuss (1) these subjects, (i1) old
facilities, (111) the impurity problem, and (4iv) possidble new
facilities,

C.ONSIDERATIONS

A. Taglgting

The 1ideal target is a sho.t cylinder of dense material such as
tungaten, platinum, or icidium, This choice wuinimizes depth of
field problems. The cantral production angle can be in the range of
tero to ten degrees.

B. Momentum Resolution

Morentum selection 10 normally performed at an intermediato,
dispersed horirontal focus. Rasclving power is proportional to the
ratio of firet-order momentum dispersion to image eize and can be
increased by greater bends and/or by reducing the product of source
vidth and horirontal magnification,
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C. Yield

The yield of kaons at the final focus is given by

N (. Y R ’;};‘_‘:1 (1)
(<

vhere dzN/dndp/p is the number of kaons produced at the target into
the desirecd so0lid angle per incident proton, N_ is the number of
protons striking the target, and the exponential rgprelentl the bean
fraction remaining after a length L ,... The integrand in the yield
equation is approximately constant over the acceptance region - the
product dfdp/p 18 the solid-angle momentum accepiance of the beanm
line.

D. Purity

The electrostatic separator imparts angular deflections to
charged particles. Thes: reault in vertical spatial separations at
the mass slit, The difference in angular deflection between K and =
mesons, for example, is given by!

Ay 'a_p[i':"q] (2)

vhere L is the separator length, V/g is the electric field, p is the
momentum, and 8 is the particle velocity normalized to the velocity
of 1light. A crossed magnetic field sweeps the images verti-ally
acroes the mass slit, For a given bean energy tha procduct length
times field should be maximized for best separation, preferadbly by
the use of high fields because a short separator reduces beam loss
due to kaon decay. A useful parameter is the separrtor rejection
factor (SRF). This is the factor by which the ratio all/K is
reduced when the separator is energized.

YACILITIES

Three major kaon facilities are in operation: K3 at KEK?, LESB
I at BNL? and LESB II at BNL.“*3 Table I 1ists sume relevanmt
characteristics. The fluxes range from ~ 235000-75000 K~/1012
protons incident, These fluxes would be cuite adequate for 4 kaon



factory. For 10 uA of protons these fluxes scale up to 1,6 x 106 -
4.7 x 106 K"/pulse. Contaminations would be excessive, however, at
this current.

A Jarge nunber of l!scilities were operated in the past. Of
note are beams 3 and 42 built at the 265,196 and the LBL 347 and
CERN K26% beans. These were operated at momenta below 500 MeV/c.
Table II lists some data for these beams. One notes the impurity is
quite severe for momenta rear 450 MeV/c.

THE IMPURITY PROBLEM

Bevatron and ZGS produced beams of high nurity. 1In fact the K~
and § beams to the bubble chambers were typically 902 pure (or
better). This purity was accomplished using two mtages of
separation. The details are presented in Ref. 9. The authors quote
a SRF of 10° for momenta above 1.17 GeV/c. A similar SRF would be
needed for a low-momentum kaon beam (450 MeV/c) of 15-m length. 1In
Beam 42 at the 2GS the ratio all/K” was ueasured as 105 with the
separator off.6

Tables I and II show that the impurity ratios are esignificant
(»50) for single-stage separated beams at low momenta. Pigure i
shows a typical separator sweep for 2GS Beam 42, At the K~ peak the
SRF values are 310 for e~ and 70 for »~,u"; the differenze can be
qualitatively understood because (1) e~ are produced only in the
target (11) ®~ are produced in the target and surrounding region
from strange particle decays; and (i111) v~ come from =~ decays in
the system. The curv2s are approximately asymptotic (in Fig. 1) at
the K~ peak. The rejection is presumably limited by scattering of
particles from vacuum chambers, windows, collimators, etc. Higher
separator voltages will do little to alleviate the situation.

NEW PACILITIES

Figure 1 demonstrates that a single stage of electrostatic
separation with one intermediate focus is inadequate for producing
pure beams of kaons. Lnbbl!? and Birien® have proposed single-stage
beams with an upstream "cleanup section" to define the phase-space
input to the separator section. I recommend use of a proven system,
namely a two-stage eseparated beam. In this case the bulk of the
contaninants are removed far upstream from the expariment,
Purthermore, particles surviving the first stage because of slit
scattering will most certainly be removed in the sacund stage of
saparation,

Pigure 2 shovs the diagrams for a short two-stage beam LBL 34,
as odbtained from Ref. 7. Perhaps a similar system could be coupled
to a "claanup section” as proposed sbove for maximal purity. The
total length could be less than 16 m, and we would be ensured of
meetirg the desired value of all/K"¢ 2, Kaon flux at 450 MeV/c
would typically be 106 per pulse.
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TABLE 1. Deta for Existing Kaon Beams

Yacility
K3 LESB 1 LESB II
Quantity (KEX) BNL) BNL)
Length (m) 14,5 15.0 15.0
Production angle (deg) 0.0 10.5 5.0
Target length (cm) 6.0 7.5 7.5
AN (msr) 7.3 2.6 11.0
Ap/p (XD 23.0 £2.5 2.5
Separator iength (m) 2.0 2.1 2.1
(2 units)
Measurements for 10"2 protons incident
K3 at 600 MeV/c 5.2 x 10" x* wt/xt e 2.6
LESB I at 700 MeV/c 2.7 x 10* X~ *"/X” = 10.0
LESB II at 700 MeV/c 7.5 x 10" K~ *°/K” = 20,0

TABLE II. Data for Decommissioned Kaon Beans

Facility
3 3 &2 K26
Quantity L3L ] s cemy
Length (m) 10.0 10.0 15.75 11.5
Production angle (deg) 0.0 0.0 0.0 0.0
Target length (cm) 7.5 5.0 7.5 3.0
Target material Cu Pt Cu Ir
AN (wer) 20,0 18.0 4,0 6.0
Ap/p (%) 2,0 $2.5 2,0 $2.0
Separator lcngth (m) 2.0 4,0 4,0 2.0
(2 unite)
Msasurements for 1012 protons incident
LBL 34 at 450 MeV/c 20000 K* wtxt - 18
ZGS 3 at 430 MeV/c 5500 K~ all/K™ = 160
2G8 42 at A30 MaV/c 430 K™ all/K™ =-566
CERN K26 ot 400 MaV/e 1500 K~ all/x™ = 350
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Pig. ). Beparator swveep on Bema 42 at the 2GS for A30-MaV/c
negative particles. Prisary bexa i2.3GeV/c protons,
target 3.0-in copper, eeparator fiald 125 kV/1in.



Pig. 2. Plan and elevation views of LBL Besam 34; the elements and
envelopes are indicated. Copyright © 1973 by The IEEE,
Inc.



